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,Q WKHXSZDUG WUHQGRI UHQHZDEOH HQHUJ\JURZWK VHYHUDO SURSRVDOV KDYHEHHQPDGH FRQFHUQLQJHQHUJ\KDUYHVWLQJ
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V\VWHPDQGFRQYHUWLQJLWWRXVHDEOHHOHFWULFDOHQHUJ\LVDSURPLQHQWUHVHDUFKWRSLFZLWKPDQ\SURPLVLQJ
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IRFXVHGWKRXJKQRWOLPLWHGWRSRZHULQJVPDOODXWRQRPRXVZLUHOHVVVHQVRUVWKXVHOLPLQDWLQJWKHQHHG
IRU ZLUHV ZKLOHPRUH UHFHQWO\ SURSRVDOV KDYH EHHQPDGH FRQFHUQLQJ KLJKHU SRZHU HQHUJ\ KDUYHVWLQJ
GHYLFHVLQWKHXSZDUGWUHQGRIUHQHZDEOHHQHUJ\JURZWK,QWKHODWWHUFDVHWKHPDLQREMHFWLYHLVWRVXSSO\
SRZHU WR DX[LOLDU\ V\VWHPV HJ URDG OLJKWV RU LQIRUPDWLRQ SDQHOV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HQFRPSDVVHV RWKHU DVSHFWV DQG IRFXVHV RQ WKH XVH RI UHQHZDEOH HQHUJ\ VRXUFHV$GYDQWDJHV IURP WKH
UHGXFWLRQRIIRVVLOIXHOXVDJHFDQEHREWDLQHGDWYDULRXVOHYHOVVWDUWLQJIURPDPRUHVXVWDLQDEOHLQWHUPV
RIHQYLURQPHQWDOVXVWDLQDELOLW\GHYHORSPHQW$GDPVVRPHWKLQJWKDWOHDGVWR&2DQGJUHHQKRXVH
JDVHPLVVLRQVUHGXFWLRQ
2Q WKLV WRSLF )+:$ WKH )HGHUDO +LJKZD\ $GPLQLVWUDWLRQ IRU H[DPSOH KDV VHW DQ H[WHQGHG
IUDPHZRUNIRUVXVWDLQDEOHWUDQVSRUWDWLRQEDVHGRQWKUHHSLOODUV&DUOVRQ
x (FRQRPLFGHYHORSPHQW³WRPHHWIXWXUHQHHGV´
x (QYLURQPHQWDOVWHZDUGVKLS³WRRSWLPDOO\XVHWKHUHVRXUFHV´
x 6RFLDOHTXLW\³WRSURYLGHWUDQVSRUWDWLRQIRUDOOSRVVLEOHJURXSVRISHRSOH´
2QHRIWKHSULQFLSOHVVHWIRUILQGLQJWKHEDODQFHEHWZHHQWKHDERYHWKUHHSLOODUVLVWROLPLWWKHXVHRI
QRQUHQHZDEOHUHVRXUFHV7RWKLVDLPHQHUJ\KDUYHVWLQJFDQSOD\DVXEVWDQWLDOUROHDVSDUWRIDEURDGHU
HQHUJ\ HIILFLHQF\ YLVLRQ ,Q IDFW D ORW RI UHVHDUFK WDNHV SODFH LQ WKH ODVW IHZ \HDUV LQ YDVWO\ GLIIHUHQW
VHFWRUV IRU HVWDEOLVKLQJ URDGPDSV WKDW QDWLRQDO DGPLQLVWUDWLRQV VKRXOG IROORZ± VHH IRU H[DPSOH5((%
IRUWKHHQHUJ\HIILFLHQF\LQLQIRUPDWLRQDQGFRPPXQLFDWLRQWHFKQRORJ\LQ(XURSH
7KH LGHD RI KDUYHVWLQJ IUHHO\ DYDLODEOH HQHUJ\ LV QRW QHZ DQG GDWHV EDFN WR WKH ZLQGPLOOV DQG
ZDWHUPLOOVLQXVHVLQFHWKHDQFLHQWWLPHV7KHVHKDYHIRXQGWKHLUFRQWHPSRUDU\FRXQWHUSDUWVUHVSHFWLYHO\
LQWKHIRUPRIZLQGWXUELQHVVROHO\LQ(XURSHE\WKH\HDUZLQGHQHUJ\LVH[SHFWHGWRDFFRXQWIRU
PRVWSDUWRIWKHWDUJHWVKDUHRIUHQHZDEOHVRXUFHVVHWE\WKH(XURSHDQ&RPPXQLW\(8DQG
ZDYHIDUPVRUXQGHUZDWHUHQHUJ\V\VWHPVFXUUHQWO\DWDSURSRVDOSKDVH7KHPDLQREMHFWLYHLVWRSURGXFH
DJUHDWDPRXQWRIHQHUJ\LQRUGHUWRVXSSO\WKHHOHFWULFDOJULG
2QWKHRWKHUKDQGHQHUJ\KDUYHVWLQJDVLQWHQGHGQRZDGD\VIRFXVHVLQSURYLGLQJHQHUJ\IRUSRZHULQJ
VHQVRUVRURWKHUVPDOOHOHFWURQLFGHYLFHVWKDWUHTXLUHVPDOODPRXQWVRIHQHUJ\ZLWKWKHPDLQSXUSRVHWKH
HOLPLQDWLRQRIWUDGLWLRQDOZLUHFRQQHFWLRQVHJLQWKHFDVHRIVHQVRUV
&RQVLGHULQJ WKH DERYH H[WUHPHV LW LV QHFHVVDU\ WR SURYLGH D IUDPHZRUN IRU WKH HQHUJ\ SURGXFWLRQ
DFFRXQWLQJIRUWKHYDVWGLIIHUHQFHVLQSRZHUSURGXFWLRQDQGWKHGLIIHUHQWSRZHULQJQHHGV
(QHUJ\H[WUDFWLRQIUDPHZRUN
6LQFHHQHUJ\KDUYHVWLQJLVDUDWKHULQQRYDWLYHFRQFHSWZLWKPDQ\SRWHQWLDODSSOLFDWLRQVLWLVXVHIXOWR
SURYLGHDWD[RQRP\EDVHGRQWKHGHVLUHGRXWFRPHVDQGWKHIXWXUHSRWHQWLDO
$WD[RQRP\RIHQHUJ\KDUYHVWLQJ
(QHUJ\KDUYHVWLQJDSSOLFDWLRQVFDQEHJHQHUDOO\GLYLGHGLQWKUHHJURXSV
x (QHUJ\+DUYHVWLQJRQDPDFURVFDOH
x (QHUJ\+DUYHVWLQJRQDPHVRVFDOH
x (QHUJ\+DUYHVWLQJRQDPLFURVFDOH
7KH SURSRVHG FODVVLILFDWLRQ KHOSV VHWWLQJ WKH IUDPHZRUN IRU SRVVLEOH IXWXUH DSSOLFDWLRQV WKH
DVVHVVPHQWRIWKHLUHIILFLHQF\DQGWKHLUSURVSHFWV
(QHUJ\+DUYHVWLQJRQDPDFURVFDOH
*HQHUDOO\ ZLWK PDFURVFDOH HQHUJ\ KDUYHVWLQJ LV LQWHQGHG WKH HQHUJ\ SURGXFWLRQ IRU VXSSO\LQJ WKH
HOHFWULFDOJULG7KHSURGXFHGHQHUJ\LVFRPPRQO\NQRZQDVUHQHZDEOHHQHUJ\WKHFXUUHQWH[SORLWDWLRQRI
WKH HQHUJ\ VRXUFHV GRHV QRW DIIHFW WKHLU DYDLODELOLW\ LQ WKH IXWXUH *HRWKHUPDO K\GURHOHFWULF VRODU
PDULQHDQGZLQGHQHUJ\DUHH[DPSOHVRIUHQHZDEOHHQHUJ\VRXUFHV&XUUHQWO\WKHSURGXFHGHQHUJ\LVLQ
WKHUDQJHRI0:V

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(QHUJ\+DUYHVWLQJRQDPHVRVFDOH
,WLVSRVVLEOHWRGHILQHDVHQHUJ\KDUYHVWLQJRQDPHVRVFDOHDOOWKRVHDSSOLFDWLRQVRIHQHUJ\KDUYHVWLQJ
WKDWKDYHDVDQREMHFWLYH WKH VXSSO\RISRZHU WRV\VWHPVRWKHUZLVHSRZHUHGE\ WKHHOHFWULFDOJULG7KH
HQHUJ\SURGXFHG LQH[FHVVFRXOG VXSSO\ WKHHOHFWULFDOJULG7KHVXVWDLQDELOLW\RI KRXVHV VWUXFWXUHVDQG
LQIUDVWUXFWXUHVSURYLGHDQH[DPSOHRISRVVLEOHPHVRVFDOH HQHUJ\KDUYHVWLQJ LPSOHPHQWDWLRQ&XUUHQWO\
WKHSURGXFHGHQHUJ\LVLQWKHUDQJHRI:N:V
,QWKHUHFHQW\HDUVWKHUHKDYHEHHQQXPHURXVSURSRVDOVRIHQHUJ\KDUYHVWLQJDSSOLFDWLRQVRQDPHVR
VFDOH,WLVGLIILFXOWWRTXRWHVSHFLILFUHIHUHQFHVPDQ\SURSRVHGDSSOLFDWLRQVDUHLQWKHIRUPRIFRQFHSWXDO
GHVLJQKRZHYHUWKHVHDUHPRVWO\LQWKHIRUPRIHQHUJ\VXIILFLHQWVN\VFUDSHUVDQGUHVLGHQWLDOEXLOGLQJV
(QHUJ\VRXUFHRSWLRQVLQFOXGHZLQGKDUYHVWHGE\PHDQVRILQQRYDWLYHSURMHFWVSHFLILFZLQGWXUELQHVDQ
H[DPSOHLVWKHFRQWURYHUVLDO6WUDWD7RZHULQ/RQGRQ(QYLURQPHQWDO/HDGHUVXQDQGYLEUDWLRQV
(QHUJ\+DUYHVWLQJRQDPLFURVFDOH
0LFURVFDOH HQHUJ\ KDUYHVWLQJ DLPV WR WKH SRZHULQJ RI VHQVRUV RU RWKHU VPDOO HOHFWURQLF GHYLFHV
LQFOXGLQJ WKRVH EDVHG RQ 0(06 0LFUR (OHFWUR 0HFKDQLFDO 6\VWHPV WKDW UHTXLUH VPDOO DPRXQWV RI
HQHUJ\7KHREMHFWLYH LV WKH HOLPLQDWLRQRI WUDGLWLRQDOZLUH FRQQHFWLRQV LQ WKH FDVHRI VHQVRUV DQG WR
SURYLGHDQDOWHUQDWLYHWRWUDGLWLRQDOOLPLWHGHQHUJ\VRXUFHVHJEDWWHULHV&XUUHQWO\WKHSURGXFHGHQHUJ\
LVLQWKHUDQJHRI:P:V
$SSOLFDWLRQVLQWKHODVWGHFDGHLQWKHFLYLOHQJLQHHULQJILHOGIRFXVRQWKH6WUXFWXUDO+HDOWK0RQLWRULQJ
6+0RIORQJVSDQEULGJHVDQGVN\VFUDSHUV
(QHUJ\KDUYHVWLQJLQWUDQVSRUWDWLRQLQIUDVWUXFWXUHQHWZRUNV
&RQVLGHULQJWKHDERYHGHILQHGWD[RQRP\HQHUJ\KDUYHVWLQJIRUWUDQVSRUWDWLRQLQIUDVWUXFWXUHQHWZRUNV
IRFXVHV VR IDU IRU WKH PRVW SDUW WR WKH SURGXFWLRQ RI VPDOO DPRXQWV RI HQHUJ\ IRU SRZHULQJ 6+0
V\VWHPV7KHUHKDYHEHHQSURSRVDOVIRUPHVRVFDOHHQHUJ\KDUYHVWLQJPRVWO\RQDFRQFHSWXDOEDVH
$UHYLHZRIPLFURVFDOHHQHUJ\KDUYHVWLQJLVIRXQGLQ3DUNHWDO7KHDXWKRUVDIWHUSURYLGLQJDQ
RYHUYLHZRIWKH6+0SUREOHPIRFXVRQWKHHQHUJ\JHQHUDWLRQIURPPHFKDQLFDOYLEUDWLRQVDVDSRZHULQJ
RSWLRQ ,Q WKH VDPH SDSHU WKH SRZHU UHTXLUHPHQWV RI H[LVWLQJ DQG HPHUJLQJ VHQVLQJ PRGDOLWLHV DUH
GLVFXVVHG DQG IXWXUHGLUHFWLRQV DUHJLYHQ7UDIILFLQGXFHGYLEUDWLRQVRQEULGJHV DUHQRQSHULRGLF YHU\
VPDOO LQ DPSOLWXGH DQG ORZ LQ IUHTXHQF\ .LP HW DO  IRFXVLQJ RQ KLJKZD\ EULGJHV DQG
SLH]RHOHFWULFPDWHULDOV DQG DIWHU SURYLGLQJ WKH WKHRUHWLFDO EDFNJURXQG WHVW YDULRXV VWUXFWXUDO UHVSRQVH
FKDUDFWHULVWLFVRIWKHEULGJHPHPEHUVDQGFRPSDUHWKHUHVXOWVZLWKZHOONQRZQDQDO\WLFDOIRUPXODWLRQV
+RZHYHU PRVW UHVHDUFKHV IRFXV RQ DSSOLFDWLRQV RQ ORQJ VSDQ EULGJHV IRU ZKLFK WKH GHSOR\PHQW RI
ZLUHOHVV6+0VHQVRUV FRQVLGHULQJ WKHHOLPLQDWLRQRI KDUGZLULQJ IURP WKH WRZHUVDQGDORQJ WKHGHFN
FRXOG EH PRUH DGYDQWDJHRXV $VKHER HW DO  REWDLQHG EULGJH DQG SDYHPHQW YHKLFOH LQGXFHG
YLEUDWLRQV DQG FRPSXWHG WKHLU WKHRUHWLFDO SRZHU RXWSXW *DOFKHY HW DO  SURSRVHG DQ
HOHFWURPDJQHWLFLQHUWLDOPLFURSRZHUJHQHUDWLRQV\VWHPIRUKDUYHVWLQJYLEUDWLRQVSUHVHQWRQEULGJHVDQG
YHULILHGWKHUHVXOWVRQDORQJVSDQVXVSHQVLRQEULGJH
2WKHU WUDQVSRUWDWLRQ LQIUDVWUXFWXUHV VXEMHFW WR SDUWLFXODU HQYLURQPHQWDO DQG WUDIILF FRQGLWLRQV DUH
WXQQHO VWUXFWXUHV )RU WKHVH LQIUDVWUXFWXUHV 6+0 DQG WUDIILF VXUYHLOODQFH XVLQJ UHPRWH VHQVRUV DUH
LPSRUWDQWLQRUGHUWRDVVHVVWKHLUVWUXFWXUDOFRQGLWLRQVDQGWKHLUVDIHW\DQGVHFXULW\:LVFKNHHWDO
LQYHVWLJDWHGE\PHDQVRIWHVWLQJWKHYLEUDWLRQHQHUJ\KDUYHVWLQJSRWHQWLDOIURPSDVVLQJYHKLFOHVERWKRQ
WKHGHFNDQGRQWKHZDOOVRIDKLJKZD\DQGDUDLOZD\WXQQHO7KHLULQLWLDOFRQFOXVLRQLV WKDWLQDOOFDVHV
WKHYLEUDWLRQVDUH WRR VPDOO WREHKDUYHVWHGZLWK WRGD\¶V WHFKQRORJ\ZLWK WKHH[FHSWLRQRI WKH UDLOZD\
WUDFNYLEUDWLRQV ,Q WKDWFDVHDVPDOODPRXQWRIHQHUJ\FRXOGEHKDUYHVWHGVXLWDEOHRQO\ IRUSRZHULQJ
XQGHUVSHFLILFFRQGLWLRQVVRPHWKLQJDVVPDOODVDZLUHOHVVVHQVRUQRGH
1100   Konstantinos Gkoumas et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1097 – 1107 
0HVRVFDOHHQHUJ\KDUYHVWLQJLQWUDQVSRUWDWLRQLQIUDVWUXFWXUHVIRFXVHVRQVXSSO\LQJSRZHUWRDX[LOLDU\
V\VWHPV HJ URDG OLJKWV RU LQIRUPDWLRQ SDQHOV WKXV VDWLVI\LQJ WKH UHTXLUHPHQW IRU VXVWDLQDEOH
LQIUDVWUXFWXUHV([DPSOHVLQFOXGHSLH]RHOHFWULFURDGVDQGUDLOZD\VVHHIRUH[DPSOH,QQRZDWWHFKLQ
ZKLFK WKHPRYHPHQWRIYHKLFOHV LQGXFHVD VWUDLQ WRSLH]RHOHFWULFPDWHULDOVXQGHUQHDWK WKHSDYHPHQWRU
WKHUDLOZD\WUDFNWKXVSURGXFLQJHQHUJ\7KH(DVW-DSDQ5DLOZD\&RPSDQ\-5(DVWLVFDUU\LQJRXWWHVWV
RQSLH]RHOHFWULF IORRUV LQ WKH7RN\RVXEZD\VWDWLRQDQG WKHSURGXFHGHQHUJ\FRXOGEHXVHG WR UXQ WKH
DXWRPDWLF WLFNHW JDWHV DQG HOHFWURQLF GLVSOD\ V\VWHPV 7HFKRQ  7KH GXDOLW\ LV HYLGHQW ZLWK WKH
FRPPRQ SUDFWLFH RI UHJHQHUDWLYH EUDNH HQHUJ\ UHFRYHU\ LQ WUDLQV DQG FDUV 5REHUWVRQ DQG0DUNKDP
RUWKHHQHUJ\WKDWFRXOGEHKDUYHVWHGLQVLGHDPRYLQJYHKLFOHHJDWUDLQIURPYLEUDWLRQV5RPDQL
HWDO
&ODVVLILFDWLRQRIWKHHQHUJ\SURGXFWLRQVFKHPH
,QRUGHUWRHYDOXDWHWKHV\VWHPHQHUJ\SURGXFWLRQHIILFLHQF\IRFXVLQJRQPHVRVFDOHDSSOLFDWLRQVLWLV
LPSRUWDQWDVDILUVWVWHSWRGHILQHWKHHQHUJ\H[WUDFWLRQSDWWHUQV
'HILQLWLRQSKDVHRIWKHVFKHPH
7KHHQHUJ\SURGXFWLRQVFKHPHFDQEHFODVVLILHGDVIROORZV
7KHILUVWFODVVLILFDWLRQUHJDUGVWKHUHVRXUFHW\SHLQWHUPVRIWKHPD[LPXPH[WUDFWDEOHHQHUJ\(+DQG
WKH HQHUJ\ FRVW RI WKH VWUXFWXUDO V\VWHP (&66 ,I WKH UHVRXUFH LV QDWXUDO UHQHZDEOH UHVRXUFHV VXFK DV
ZLQGDQGVXQ(+ LV LQILQLWH VLQFH LW LV DVVXPHG WKDW UHVRXUFHV LQQDWXUHDUH LQILQLWHDQG(&66 LV]HUR
VLQFHWKHVROHSXUSRVHRIWKHVWUXFWXUHLV WKHHQHUJ\H[WUDFWLRQ,I WKHUHVRXUFHLVDUWLILFLDOHJEULGJH
MRLQWVZLWKSLH]RHOHFWULFGHYLFHV(+LVILQLWHVLQFHDUWLILFLDOUHVRXUFHVDUHQRWLQILQLWHHJLQWKHFDVHRI
HQHUJ\H[WUDFWLRQIURPD VWUXFWXUDOPRWLRQVLQFH WKH ODWWHU LV ILQLWHDFFRUGLQJO\ LWZLOOEH WKHH[WUDFWHG
HQHUJ\ (&66 LV KLJKHU WKDQ ]HUR VLQFH LW LV LGHQWLILHG ZLWK WKH HQHUJ\ VSHQW IRU FRQVWUXFWLRQ DQG
PDLQWHQDQFHLOOXPLQDWLRQHWF$WKLUGFDVHFRQVLVWVLQQDWXUDOUHVRXUFHVPRGLILHGE\DUWLILFLDOV\VWHPV
,QWKLVFDVH(+LVLQGHILQDEOHVLQFHWKHUHVRXUFHLVLQILQLWHEXWH[WUDFWDEOHRQO\SDUWLDOO\WKLVLVWKHFDVH
IRUH[DPSOHRIDZLQGWXUELQHSODFHGRQDVN\VFUDSHUZKHUHRQO\WKHSDUWRIZLQGIORZLQJLQWKHWXUELQH
ORFDWLRQFRQWULEXWHVWRWKHSURGXFHGHQHUJ\(&66LVKLJKHUWKDQ]HURDQGKLJKHUZLWKUHVSHFWWRWKHVDPH
VWUXFWXUH ZLWKRXW DQ HQHUJ\ H[WUDFWLRQ V\VWHP DGGLWLRQDO FRVW LV GXH WR VWUXFWXUDO DGMXVWPHQW IRU WKH
HQHUJ\H[WUDFWLRQ
7KH VHFRQG FODVVLILFDWLRQ UHJDUGV WKH H[WUDFWLRQ V\VWHP GHILQHG LQ WHUPV RI WKH HQHUJ\ FRVW RI WKH
H[WUDFWLRQV\VWHP(&(67KHH[WUDFWLRQV\VWHPRIFKRLFHLVVSHFLILFWRWKHUHVRXUFHW\SHDQGFRQVLVWVLQ
GLIIHUHQWSDUWVZLWKWKHSULQFLSDOEHLQJWKHFRQYHUWHUHJSLH]RHOHFWULFSKRWRYROWDLFHWF
7KHFRPELQDWLRQRIWKHILUVWWZRFODVVLILFDWLRQVFKHPHVOHDGVWRWKHGHILQLWLRQRIWKHFRXSOHGV\VWHP
7KLVLVGHILQHGLQWHUPVRIWKHWRWDOHQHUJ\FRVWRIWKHFRXSOHGV\VWHP(&ZKLFKLVWKHVXPRI(&66DQG
(&(6 RI WKH HIIHFWLYH H[WUDFWHG HQHUJ\ RI WKH FRXSOHG V\VWHP Ç+ DQG RI WKH HQHUJ\ EDODQFH RI WKH
FRXSOHGV\VWHPǻ(7KHODWWHULVGHILQHGDVWKHEDODQFHEHWZHHQÇ+DQG(&
(YDOXDWLRQRIWKHV\VWHPHIILFLHQF\
%DVHGRQWKHGHILQLWLRQVJLYHQLQSDUDJUDSKDQGZLWKUHIHUHQFHWR7DEOH WKHHYDOXDWLRQRIWKH
V\VWHPHIILFLHQF\LVSHUIRUPHGLQWHUPVRIWKHHQHUJ\EDODQFHRIWKHFRXSOHGV\VWHPǻ( Ç+(&DQG
WKHHQHUJ\EDODQFHRIWKHH[WUDFWLRQV\VWHPǻ(¶ Ç+(&(6
5HJDUGLQJWKHILUVWLIǻ(!WKHHQHUJ\FRVWLVORZHUWKDQWKHSURGXFHGHQHUJ\DQGWKHHQHUJ\EDODQFH
LVDFWLYH,Iǻ(WKHHQHUJ\FRVWLVKLJKHUWKDQWKHSURGXFHGHQHUJ\DQGWKHHQHUJ\EDODQFHLVSDVVLYH
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)LQDOO\LIǻ( WKHHQHUJ\FRVWLVHTXDOWRWKHSURGXFHGHQHUJ\DQGWKHHQHUJ\RIWKHFRXSOHGV\VWHPLV
EDODQFHG
5HJDUGLQJ WKHVHFRQGLIǻ(¶!WKHHQHUJ\FRVWRIWKHH[WUDFWLRQV\VWHPLVORZHUWKDQWKHSURGXFHG
HQHUJ\,Iǻ(¶WKHHQHUJ\FRVWRIWKHH[WUDFWLRQV\VWHPLVKLJKHUWKDQWKHSURGXFHGHQHUJ\
&RQVHTXHQWO\LWLVSRVVLEOHWRGHILQHGLIIHUHQW³VXFFHVVOHYHOV´LQRUGHUWRREWDLQDTXDOLWDWLYHYLHZRI
WKHV\VWHPHIILFLHQF\
7DEOHUHDVVXPHVWKHILQGLQJVRISDUDJUDSKVDQG
7DEOH&ODVVLILFDWLRQRIWKHHQHUJ\SURGXFWLRQVFKHPHV
5(6285&(
'HILQHGLQWHUPVRI
)URPQDWXUDOUHVRXUFHV )URPDUWLILFLDO UHVRXUFHV )URPQDWXUDOUHVRXUFHV
PRGLILHG E\DUWLILFLDOV\VWHPV
*UHDWHUWKDQLI DV\VWHPRI
H[WUDFWLRQZDVLPSOHPHQWHG
(;75$&7,216<67(0
'HILQHGLQWHUPVRI
&283/(' 6<67(0
'HILQHGLQWHUPVRI (&Ç+ǻ(
([DPSOHZLQGWXUELQHV
IRUDZLQGIDUP
([DPSOHSLH]RHOHFWULF
FRQYHUWHUVSODFHGRQ
GHIRUPDEOHMRLQWVRID
IOH[LEOHVWUXFWXUH
([DPSOHZLQGWXUELQHRQD
VN\VFUDSHU WKHVRXUFHLV
QDWXUDOEXWLWLVSODFHGLQKLJK
DWWLWXGHGXH WRWKHVN\VFUDSHU
ǻ(
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0DJQHWLFLQGXFWLRQFRQYHUWHU
(Ç (6&+ !
(Ç (6&+ 
(OHFWURVWDWLFFRQYHUWHU
3LH]RHOHFWULFFRQYHUWHU
7KHUPDOHQHUJ\FRQYHUWHU
3KRWRYROWDLFFRQYHUWHU
5DGLDQHQHUJ\FRQYHUWHU
5)FRQYHUWHU
«

68&&(66)8/ 3URGXFWLRQ RI HQHUJ\ 68&&(66)8/ 3URGXFWLRQ RI DQ DPRXQW RI HQHUJ\ HTXDO WR WKH RQH FRQVXPHG
68&&(66)8/3URGXFWLRQRIDQDPRXQWRIHQHUJ\KLJKHUWKDQWKHRQHFRQVXPHG
'HILQLWLRQV(+a0D[LPXPH[WUDFWDEOHHQHUJ\(&66a(QHUJ\FRVWRI WKHVWUXFWXUDOV\VWHP(&(6aHQHUJ\FRVWRI WKHH[WUDFWLRQ
V\VWHP(&a7RWDOHQHUJ\FRVWRIWKHFRXSOHGV\VWHPÇ+a(IIHFWLYHH[WUDFWHGHQHUJ\RIWKHFRXSOHGV\VWHPǻ(a(QHUJ\EDODQFH
RIWKHFRXSOHGV\VWHPǻ(¶a(QHUJ\EDODQFHRIWKHH[WUDFWLRQV\VWHP
$ELOOERDUGZLWKSLH]RHOHFWULFPDWHULDOIRUZLQGHQHUJ\KDUYHVWLQJ
,QWKHIROORZLQJDPHVRVFDOHHQHUJ\KDUYHVWLQJDSSOLFDWLRQWKDWFRXOGSURYLGHHQHUJ\LQKLJKZD\VRU
IUHHZD\V ZKHUH YLEUDWLRQV DUH ORZ RU QRQH[LVWHQW LV SUHVHQWHG 7KH LGHD LV WR SURGXFH HOHFWULFLW\ E\
PHDQV RI D SLH]RHOHFWULF PDWHULDO XVLQJ WKH ZLQGLQGXFHG YLEUDWLRQV RQ WKH EDVH RI D ODUJH RXWGRRU
DGYHUWLVLQJVWUXFWXUHDELOOERDUG7KHSURGXFHGHOHFWULFLW\FRXOGEHVWRUHGDQGXVHG$VWUDLJKWIRUZDUG
DSSOLFDWLRQ FRXOG EH WKH LOOXPLQDWLRQ RI WKH ELOOERDUG LWVHOI VRPHWKLQJ WKDW FRXOGPDNH LW DXWRQRPRXV
IURPJULGSRZHUZLWKDGGLWLRQDOLPPHGLDWHEHQHILWVLQFRVWVHJHOLPLQDWLRQRIZLULQJLQVWDOODWLRQ
7KHGLPHQVLRQVRIWKHERDUGDUH;PHWHUVIRUDWRWDODUHDRIPA7ZR³ȁ´VKDSHGSDLURIOHJV
VXSSRUWWKHELOOERDUG7KHOHJVOLHRQVPDOOHUSLH]RHOHFWULFPDWHULDOVJURXSHGWRJHWKHUPRGHOHGDVKDYLQJ
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DUHFWDQJXODUFXERLGVKDSH[[PHWHUV7KHERDUGLVPDGHRI39&DQGWKHFLUFXODUOHJVZLWKD
GLDPHWHURIPDQGPWKLFNDUHPDGHRIVWHHO
1XPHULFDODQDO\VHVGHVFULSWLRQ
7KHVWUXFWXUDODQDO\VHVIRUWKHHYDOXDWLRQRIKDUYHVWHGHQHUJ\DUHFDUULHGRXWLQWKHIUHTXHQF\GRPDLQ
E\D'ILQLWHHOHPHQWVWUXFWXUDOPRGHORIWKHELOOERDUG7KHILQLWHHOHPHQWPRGHORIWKHELOOERDUGDQGRI
WKHSLH]RHOHFWULFPDWHULDOLVVKRZQLQ)LJ


3LH]RHOHFWULFEORFN
[[P
7ULEXWDU\DUHDV
$WRW P
3] P
3] P
3] P
P
P
$
$
$
=
<
;

)LJ)LQLWHHOHPHQWPRGHORIWKHELOOERDUG
7KHLQLWLDOLQSXWGDWDDUHWKHSRZHUVSHFWUDOGHQVLW\IXQFWLRQVGHVFULELQJWKHWXUEXOHQWZLQGILHOGZKLOH
WKHILQDORXWSXWRIWKHDQDO\VLVLVWKHDXWRVSHFWUXPLQWHUPVRIWKHYROWDJHJHQHUDWHGE\WKHSLH]RHOHFWULF
GHYLFHDQGWKHFRQVHTXHQWYROWDJHYDULDQFHDQGJHQHUDWHGHOHFWULFSRZHU$GHVFULSWLRQRIWKHSURFHGXUH
LVUHSRUWHGEHORZ$PXOWLYDULDWHDSSURDFKLVXVHGIRUWKHZLQGDFWLRQPRGHOOLQJ7KHZLQGDFWLQJRQWKH
ERDUGSURGXFHVDGHIRUPDWLRQWRWKHSLH]RHOHFWULFEDVHDQGDVDFRQVHTXHQFHYROWDJHLVJHQHUDWHG
7KH ZLQG IRUFHV SURGXFLQJ WKH QHFHVVDU\ VWUXFWXUDO RVFLOODWLRQV IRU KDUYHVWLQJ HQHUJ\ FDQ EH
GHFRPSRVHG LQ PHDQ DQG WXUEXOHQW FRPSRQHQWV 6LPLX DQG 6FDQODQ  WKH ODWWHU KDYLQJ WKUHH
&DUWHVLDQ FRPSRQHQWV )X)Y)Z UHVSHFWLYHO\ DORQJ WKH[\] GLUHFWLRQVZLWK UHIHUHQFH WR D FRRUGLQDWH
V\VWHPDVWKHRQHVKRZQLQ)LJ+HUHRQO\WKH)XWXUEXOHQWFRPSRQHQWRIWKHZLQGDFWLRQGUDJIRUFH
RUWKRJRQDO WR WKH ELOOERDUG LV FRQVLGHUHG DQG LW LV REWDLQHG VWDUWLQJ IURP ZLQG WXUEXOHQW YHORFLW\ X
WXUEXOHQW ZLQG FRPSRQHQW DORQJ WKH [ GLUHFWLRQ LQ )LJ  ZKLFK KDV EHHQ PRGHOHG DV ]HURPHDQ
*DXVVLDQHUJRGLFSURFHVV'XHWRWKHUHODWLYHORZVL]HRIWKHFRQVLGHUHGVWUXFWXUHRQO\WKHUDQGRPVSDWLDO
YDULDWLRQZLWK WKHKHLJKW ] KDVEHHQ WDNHQ LQWR DFFRXQW E\ FRQVLGHULQJ WKHZLQG DFWLQJRQ YHUWLFDOO\
DOLJQHGSRLQWV8QGHU WKHVHDVVXPSWLRQV WKH WXUEXOHQWFRPSRQHQWX LVFRPSOHWHO\FKDUDFWHUL]HGE\ WKH
[SRZHUVSHFWUDOGHQVLW\PDWUL[>6@X7KHGLDJRQDOWHUPVDXWRVSHFWUD6XMXMRI>6@XM UHIHUULQJWR WKH WKUHH SRLQWV RI DSSOLFDWLRQ RI WKH DFWLRQ KDYH EHHQ H[SUHVVHG LQ WHUPV RI QRUPDOL]HG RQHVLGH
SRZHUVSHFWUDOGHQVLW\&DUDVVDOHDQG6RODUL6RODULDQG3LFFDUGRDV
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ZKHUHQ LV WKH FXUUHQW IUHTXHQF\ LQ+] ]M LV WKH KHLJKW LQP RI SRLQW MıX LV WKH YDULDQFH RI WKH
YHORFLW\IOXFWXDWLRQVJLYHQE\WKHUHODWLRQVKLS6RODULDQG3LFFDUGR

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
ZKHUHXLVWKHIULFWLRQRUVKHDUYHORFLW\LQPVJLYHQE\>.
ā9@.LVDFRHIILFLHQWGHSHQGLQJRQWKH
URXJKQHVV OHQJWK ] 9 LV WKH PLQ DYHUDJH ZLQG YHORFLW\ DW WHQ PHWHUV KHLJKW QX]M LV D QRQ
GLPHQVLRQDOKHLJKWGHSHQGHQWIUHTXHQF\JLYHQE\



MP
MX
MX ]9
]/Q]Q  
        


ZKHUH9P]M LV WKH PHDQ ZLQG YHORFLW\ DW WKH KHLJKW ]M REWDLQHG E\ WKH ZHOO NQRZQ ORJDULWKPLF ODZ
6LPLX DQG6FDQODQ  DQG WKH LQWHJUDO VFDOHV/X]M KDYH EHHQ GHULYHG DFFRUGLQJ WR WKH SURFHGXUH
JLYHQLQ(6'8
7KHRXWRIGLDJRQDOWHUPVFURVVVSHFWUD6XMXNRI>6@XMN DUHJLYHQE\
H[S QIQ6Q6Q6 MNXXXXXX NNMMNM  
     


JLYHQWKDW'L3DRODIRUYHUWLFDOO\DOLJQHGSRLQWVLWLV

 NPMP
NM]
MN ]9]9
]]&QQI 
 
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

ZKHUH&] DVVXPHG HTXDO WR  LQ WKH QXPHULFDO DQDO\VHV UHSUHVHQWV WKH GHFD\ FRHIILFLHQW LQYHUVHO\
SURSRUWLRQDOWRWKHVSDWLDOFRUUHODWLRQRIWKHSURFHVV
$VVWDWHGEHIRUHWKHVSHFWUXPRIWKHZLQGYHORFLW\DQGWKHJOREDOGUDJIRUFHVKDYHEHHQHYDOXDWHG
IRU WKUHHSRLQWV ORFDWHGDWGLIIHUHQWKHLJKWVRI WKH)(PRGHODVVKRZQLQ)LJ$GRSWLQJVRPHURXJK
DSSUR[LPDWLRQVWKHVSHFWUDRIWKHJOREDOIRUFHVKDYHEHHQHYDOXDWHGE\DVVXPLQJWKDWWKHIRUFHFRKHUHQFH
LV WKH VDPH DV WKH YHORFLW\ FRKHUHQFH DQG QHJOHFWLQJ WKH YDULDWLRQ RI HDFK VSHFWUXP RQ WKH WULEXWDU\
VXUIDFHDUHDRIHDFKIRUFH8QGHU WKHVHDVVXPSWLRQV WKHDXWRVSHFWUXPRI WKHZLQG IRUFHDFWLQJRQ WKH
SRLQWMFDQEHREWDLQHGDV
      QQ6]9$FQ6
MMMM XXMPM'II FU        

ZKHUHȡLVWKHDLUGHQVLW\.JPF'LVWKHGUDJDHURG\QDPLFFRHIILFLHQWDVVXPHGHTXDOWRLQ
WKHQXPHULFDOFDOFXODWLRQV$MLVWKHWULEXWDU\DUHDRIWKHQRGHMDQGȤLVWKHDHURG\QDPLFDGPLWWDQFH$M
6LPLXDQG6FDQODQDVVXPHGDVFRQVWDQWLQWKHFRQVLGHUHGIUHTXHQF\UDQJHDQGHTXDOWRLQWKH
SUHVHQW VWXG\ 7KH DXWR VSHFWUXP GHVFULELQJ WKH WXUEXOHQW FRPSRQHQW RI D UHVSRQVH SDUDPHWHU G HJ
GLVSODFHPHQWUHIHUULQJWRWKHSRLQWMFDQEHFRPSXWHGDV
      QQ6Q+]9FQ6Q+Q6
MXXMP'IIGG MMMMM
FU       
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ZKHUH_+Q_LVWKHZHOONQRZQPHFKDQLFDODGPLWWDQFHRIWKHVWUXFWXUHJLYHQE\
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
ZKHUHP LV WKHVWUXFWXUDOPDVVQ LV WKHXQGDPSHGIXQGDPHQWDOIUHTXHQF\RIWKHVWUXFWXUHDQGȞ LV WKH
UDWLRRIWKHGDPSLQJFRHIILFLHQWFWRWKHFULWLFDOGDPSLQJ
2QFH WKH VSHFWUXP LQ WKH GLVSODFHPHQWV UHVSRQVH SDUDPHWHU KDV EHHQ GHILQHG LW LV SRVVLEOH WR
WUDQVIRUP WKH VWUXFWXUDO UHVSRQVH LQWR HOHFWULFDO UHVXOWV ILUVW LQ WHUPV RI YROWDJH DQG WKHQ LQ WHUPV RI
SRZHUKDUYHVWHGIURPSLH]RHOHFWULFGHIRUPDWLRQ
%\ FRQVLGHULQJ WKH SLH]RHOHFWULF EORFN LQ )LJ  DV D YHUWLFDO PRQRD[LDO WHQVLRQFRPSUHVVLRQ
PHPEHUZLWK DQ XQGHIRUPHG VL]H+ DQG WKH ERWWRP VXUIDFH IL[HG RQ WKH WHUUDLQ LWV HORQJDWLRQǻ+ LV
HTXDO WR WKHYHUWLFDOGLVSODFHPHQWG H[SHULPHQWHGE\ WKHSLH]RHOHFWULF VXUIDFHDWWDFKHG WR WKHELOOERDUG
OHJ7KHGHIRUPDWLRQİLVJLYHQE\

 +
G +
ǻ+ İ           

7KHDXWRVSHFWUXPLQGHIRUPDWLRQVLVJLYHQE\

   Q6+ Q6 GGİİ 

        


&RQVLGHULQJ WKH SLH]RHOHFWULF HIIHFW IRU D PDWHULDO ZLWK WKH VR FDOOHG ³ PRGH FRQILJXUDWLRQ´
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)LJD'LVSODFHPHQW3RZHU6SHFWUXP'HQVLWLHVE9ROWDJH3RZHU6SHFWUXP'HQVLWLHV
6RPHQHFHVVDU\GHWDLOVIRUWKHFDVHVWXG\LQFOXGHWKHIROORZLQJ
x WKHZLQGEORZVIRUDWRWDORIGD\VLQD\HDU
x WKHURXJKQHVVOHQJWK]UHIHUVWRDQXUEDQDUHDFRYHUHGDWOHDVWE\EXLOGLQJVZKRVHDYHUDJH
KHLJKWLVRYHUP
x DVLQJOHSKDVHIXOOZDYHYROWDJHUHFWLILHULVXVHGWKHUHFWLILHGYROWDJHYDOXHLV


999UHFW   V          
x DVXSHUFDSDFLWRUZLWKDQDYHUDJHFKDUJHFXUUHQWRIȝ$LVXVHGIRUWKHYROWDJHVWRUDJHDQGLWV
HIILFLHQF\LVa
2Q WKH EDVLV RI WKH FRQVLGHUDWLRQV LQ WKH FXUUHQW H[DPSOH WKH HQHUJ\ SURGXFWLRQ LV  N:K LQ WKH
SLH]RHOHFWULFHOHPHQWFRQQHFWHGWRYHUWLFDOOHJVDQGN:KLQWKHRQHFRQQHFWHGWRWKHREOLTXHOHJV
&RQFOXVLRQV
7KH FRQFOXVLRQV DUH LQ WKH IRUP RI VRPH LQGLFDWLRQV IRU SUDFWLFDO DSSOLFDWLRQV ,Q IDFW WKLV VWXG\
IRFXVHVWRWKHQXPHULFDODVSHFWRIWKHSUREOHPRQWKHEDVLVRISRWHQWLDOHQHUJ\QHHGVIRUDWUDQVSRUWDWLRQ
LQIUDVWUXFWXUHQHWZRUN ,QEHWZHHQ WKHUHDUHPDQ\RWKHUDVSHFWV WKDWQHHG WREH LQTXLUHG WKHRSWLPXP
DQG FRVW HIIHFWLYH XVH RI SLH]RHOHFWULF PDWHULDOV WKH HQHUJ\ VWRUDJH RSWLRQV WKH SRVVLELOLW\ IRU
SURGXFWLRQ DW DQ LQGXVWULDO OHYHO HWF 7KHVH UHTXLUH PXOWLGLVFLSOLQDU\ UHVHDUFK DQG FROODERUDWLRQ
)XUWKHUPRUHDGGLWLRQDOVWXGLHVDUHQHFHVVDU\WRLQTXLUHWKHHIILFLHQF\RIWKHHQHUJ\SURGXFWLRQIURPWKH
KHDY\ WUDIILF LQGXFHG ZLQGZKHQ WKH ELOOERDUG LV SODFHG RQ WKH QHDUVLGH RI WKH URDG LQ WKH FDVH WKLV
SUDFWLFHLVDFFHSWDEOHE\ORFDOUHJXODWLRQV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